CoO/Al-doped ZnO (AZO) multilayers exhibit ferromagnetism up to ~ 300 K. The magnetic behavior oscillates with odd versus even number of Co layers in the insulating antiferromagnetic CoO and (separately) with the thickness of the AZO layers, and vanishes if AZO is replaced by intrinsic ZnO. Magnetization is due to uncompensated (111) ferromagnetic planes of insulating CoO for odd numbers of atomic planes per layer which are coupled together via RKKY exchange mediated by electron carriers in the non-magnetic AZO layers. The period of the oscillation with AZO thickness qualitatively matches the Fermi wavevector calculated from the carrier concentration measured by ordinary Hall effect. Magnetic polarization of the AZO carriers is confirmed via anomalous Hall effect which is proportional to the magnetization. (Ga,Mn)As has been thoroughly investigated as a candidate for spin injection and has shown clear spin transference in magnetic, transport, and optical measurements [2] . However, the working temperature of these materials is less than 150 K, making it unsuitable for room temperature applications [2] . Dietl suggested that a p-type ZnO-based magnetic semiconductor would have a high Curie temperature (T C ) [4] , and there have been many reports on the magnetic properties of this semiconductor with widely varying T C 's. However, the microscopic origin of magnetic properties is still controversial in ZnO-based systems [5] [6] [7] [8] [9] [10] where clustering of Co is a common problem that leads to coexistent magnetic and semiconducting properties, but not a magnetic semiconductor [11] .
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Since the concept of the spin transistor was suggested by Datta and Das [1] in 1991, there has been great interest in spintronic devices including spin injection into a semiconductor [2, 3] .
(Ga,Mn)As has been thoroughly investigated as a candidate for spin injection and has shown clear spin transference in magnetic, transport, and optical measurements [2] . However, the working temperature of these materials is less than 150 K, making it unsuitable for room temperature applications [2] . Dietl suggested that a p-type ZnO-based magnetic semiconductor would have a high Curie temperature (T C ) [4] , and there have been many reports on the magnetic properties of this semiconductor with widely varying T C 's. However, the microscopic origin of magnetic properties is still controversial in ZnO-based systems [5] [6] [7] [8] [9] [10] where clustering of Co is a common problem that leads to coexistent magnetic and semiconducting properties, but not a magnetic semiconductor [11] .
Multilayer structures have been proposed in a number of studies in connection with spin injection including attempts at doping of ZnO using a (Co/ZnO) multilayer structure [12, 13] . At room temperature, magneto-optical Kerr rotation was observed on annealed [Co/ZnO] multilayer samples but is likely due to ferromagnetic (FM) Co clusters [14] . Recently, we demonstrated ferromagnetism below 10 K via electron carriers in a (Zn,Co)O-based field-effect transistor [15] with low concentration Co uniformly distributed in ZnO. Ferromagnetism was created via gatecontrolled electron concentration and measured using the anomalous Hall effect (AHE), but was limited to below 10 K.
In order to increase T C while avoiding Co clusters, we propose a (CoO/ZnO) multilayer system. CoO is a known insulating antiferromagnet (AFM) with Néel temperature of ~300 K. The (111) planes are ferromagnetic (FM) with antiferromagnetic coupling between these planes [16] .
The moments in the FM (111) planes are canted along the <11-7> directions, making an angle of 23.85º out of the (111) plane [17] . By growing epitaxial CoO (111) films with a precisely controlled number of planes, we create FM surfaces of CoO; even numbers of planes have zero net moment, while odd numbers have an uncompensated plane of FM spins. The resistivity in the ZnO layers is controlled by Al doping; 2 at.% Al in ZnO (AZO) produces conducting behavior [18] . By creating a multilayer structure of an odd number of CoO planes layered with AZO, the uncompensated FM (111) planes in each CoO layer will be exchange-coupled to each other, via an RKKY-mediated exchange coupling in the AZO layer. In this paper, we show that such a multilayer is ferromagnetic just below room temperature, with spontaneous magnetization that is modulated by both the number 3 of CoO layers and the AZO thickness, and vanishes for undoped ZnO. We also show an anomalous Hall effect due to polarization of the free carriers in the AZO layers, demonstrating magnetic semiconductor behavior very close to room temperature.
Epitaxial superlattices of (CoO/ AZO), with varying thicknesses of CoO (111) (from 2.0-3.2 nm) and AZO (0002) (from 1.5 -6 nm), were deposited onto GaAs (111)B (As terminated) and by the fit to the experimental data shown in Fig. 3(a) (Fig. 4(a) ).
At 300 K, the magnetization is smaller than at 10 K but still clearly present (Fig. 4(b) ). At 10K, assuming all Co ions have a magnetic moment ~4 μ B [22] , ~5% of Co atoms at the interfaces contribute to the ferromagnetic signal. The rest of the interface Co moments are likely responsible for the PM contribution measured at low T.
To prove that the interaction between uncompensated Co spins at the surfaces of each antiferromagnetic CoO layer for n Co = odd is governed by carriers in the conducting AZO, a set of films was made with AZO replaced by intrinsic ZnO, an insulator with a carrier concentration at room temperature less than 10 16 cm very similar to that seen in previous studies of (SiO 2 /CoO) MLs [24] and (MgO/CoO) MLs [23] ,
where it was ascribed to two distinct types of uncompensated spins. The "plateau" (between ~50-200 K) was associated with interfacial uncompensated spins that are strongly coupled to the antiferromagnetic spins in the bulk of the layer (but not to other layers), and the upturn at low T was associated with spins which are even more weakly coupled to the antiferromagnetic spins [24] [25] .
The blocking temperature (T B ) [24] of the present insulating (CoO/ZnO) MLs is 230 K, the same as that of the [SiO 2 /CoO(3.0nm)] MLs. These data, confirm the crucial role played by the carriers in the AZO layer; without these, CoO uncompensated moments behave independently, pinned by the antiferromagnetic Néel vector, and able to be partially trapped by cooling in a field, but not exhibiting ferromagnetism.
To further characterize the magnetic coupling and the role of AZO, we measured the resistivity and Hall effect at 10 and 300 K. The Hall effect has two components: the ordinary and anomalous Hall effect (OHE and AHE respectively). AHE is a signature of spin-polarized carriers in electrically conductive ferromagnets: a Hall resistance proportional to magnetization can be attributed to asymmetric carrier scattering by magnetic impurities in the presence of spin-orbit interactions [15] . In this system, the CoO is insulating (confirmed experimentally for (CoO/ZnO) multilayers) so the Hall effect is completely determined by the carriers in the AZO layer. In the absence of CoO, AZO shows OHE but no AHE. Figure 5( the full fit to the experimental data gives k F = 3.0±0.2 nm -1 . However, it is generally recognized that the free electron model is an oversimplification, and multiple periods can be obtained from different spanning vectors of the real Fermi surface [26] . Regardless, in this case the conducting AZO layers are clearly mediating an exchange interaction between Co spins at the CoO/ZnO interface ( Fig. 3(b) ). 
